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the government enforces perfectly, asset inequality is determined in an optimum compet-
itive equilibrium but the level of government debt is not. Welfare increases if private debt
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1. Introduction

If, indeed, the debt were distributed in exact proportion to the taxes to be paid so that every one should pay out in taxes as
much as he received in interest, it would cease to be a burden. ... if it were possible, there would be [no] need of incurring
the debt. For if a man has money to loan the Government, he certainly has money to pay the Government what he owes
it. Simon Newcomb (1865, p.85)

Understanding whether a government’s debt is too high or too low requires knowing who owes what, when, to whom.
That impels studying balance sheets of both creditors and debtors as well as the budget sets that appear in a coherent
economic model and leads to distinguishing superficial from substantive features by tracking and properly consolidating
assets and liabilities. We seek features of government debt that affect continuation allocations and prices. For that purpose,
this paper studies an economy with people who differ in their productivities and a government that administers a non-
linear tax on labor earnings. Agents and the government trade one-period bonds. There is no capital. The economy starts
with an exogenously given distribution of debt across agents and the government. Taxes are restricted by agents’ abilities to
pay. Public policies are chosen at time O i.e., the government commits.

The structure of budget constraints implies that the cross-section distribution of initial net assets, not gross assets, affects
the set of feasible allocations that can be implemented in competitive equilibria. An increase in initial government debt that
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Fig. 1. Representation of U.S. tax and transfer system from the PSID 2000-06 and TAXSIM. Source: Heathcote et al. (2017). The dotted line is the 45° line
and the solid line is a linear fit.

is shared equally among all agents leaves the distribution of net assets unchanged and therefore also leaves an equilibrium
allocation unaltered. This outcome embodies ideas proclaimed by Newcomb (1865). The same logic applies to models with
and without physical capital, with complete or incomplete asset markets, and with more general tax structures. On the other
hand, if the government cares about redistribution, an increase in initial government debt that is held mostly by agents with
high labor earnings decreases welfare. In our setting, the correlation of initial debt holdings and labor earnings affects the
welfare cost of public debt.

The role of government debt depends on how well private debt contracts are enforced. If both tax and debt obligations
are enforced perfectly, then agents’ abilities to borrow are restricted only by their abilities to repay their debts and an
optimal level of government debt is indeterminate. In this case, any sequence of government debts is optimal and a version
of Ricardian equivalence holds even though taxes distort private agents’ decisions. Nevertheless, it turns out that in this case
the dynamics of asset inequality share qualitative features with the dynamics of public debt in representative agent models
that exogenously rule out transfers.

We also show that welfare under an optimal policy increases if the government commits not to enforce private debt
contracts in ways that produce the outcome that agents can borrow only up to an exogenous ad hoc debt limit. In this
case, government debt provides an additional instrument to affect equilibrium allocations. Welfare gains under an optimal
policy come from monopoly power on the asset market that the government acquires by restricting the ability of private
agents to provide liquidity. What matters for this result is not the size of the debt limit per se, but the agents’ inabilities to
use anticipated transfers to relax current borrowing constraints. An optimal government debt is determined by a trade-off
between gains from exploiting monopoly rents and costs from distorting agents’ intertemporal marginal rates of substitution.

A sizable literature about government debt and Ricardian equivalence goes back at least to Barro (1974). It is well under-
stood that in representative agent economies the role of government debt hinges on whether lump sum taxes are allowed.
But there is no inherent economic reason to rule out lump sum taxes in those models. Furthermore, the proportional labor
taxes often assumed in representative agent models do not approximate data well because transfers are such a large part of
modern tax systems (see, e.g., Fig. 1). In our model, agents are heterogeneous, taxes are restricted by agents’ resources, and
the government chooses taxes to maximize a weighted average of agents’ lifetime utilities.

Werning (2007) obtained counterparts to our results about net versus gross asset positions in a complete markets econ-
omy with heterogeneous agents, an affine tax structure, and transfers that are unrestricted in sign. Because he allowed
unrestricted taxation of initial assets, the initial distribution of assets played no role in the model. Our Lemma 2 and its
corollaries extend Werning’s results by showing that all distributions of gross assets among private agents and the gov-
ernment that imply the same net asset positions lead to the same equilibrium allocation, a conclusion that holds beyond
complete markets. While Werning (2007) characterized optimal allocations and distortions in complete market economies,
Werning (2012) investigated how precautionary savings motives that incomplete markets impart both to private agents and
to a benevolent government affect optimal allocations.!

1 Other recent pertinent papers include Azzimonti et al. (2008a, 2008b) and Correia (2010). These papers study optimal policies in economies with
agents heterogeneous in skills and initial assets.
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Our results on desirability of weak enforcement of private debt contracts build on insights of Yared (2012, 2013), who
showed that it may be optimal not to undo agents’ borrowing frictions even when a government can undo them. Bassetto
(2014) studied the roles of taxation and debt limits in heterogeneous agent economies in which transfers are ruled out.
Broner et al. (2010) and Broner and Ventura (2011, 2016) explored incentives of the government to enforce private debt
contracts in the context of international finance.

This paper is organized as follows. In Section 2, we describe a baseline environment in which taxes are restricted to be
affine functions of labor earnings and agents are heterogeneous in labor earnings but face no idiosyncratic uncertainty. In
Section 3, we study an economy in which agents’ abilities to borrow are restricted only by their abilities to pay. In Section 4,
we study an economy in which agents face more stringent borrowing constraints. We show that our results extend to richer
tax systems constrained only by informational frictions in Section 5.

2. Environment

Time is discrete and infinite. There are I types of agents each of mass n; for i € {1,2,...,I} with 25:1 n; = 1. Preferences
of an agent of type i over stochastic processes for consumption {c;.}; and labor supply {I;;}; are ordered by

Eo Y U (Cir hie), (1)
=0

where E; is a mathematical expectations operator conditioned on time t information and 8 a discount factor. We assume
that Ut is increasing and concave in (c, —I). The labor supply of agent i lies in a set [0, i,-]. We allow L; to be infinite.

Uncertainty is summarized by a shock s; governed by an irreducible Markov process that takes values in a finite set S. We
let st = (sp,...,st) denote a history of shocks having joint probability density 7(st). A boldface letter ¥ denotes a sequence
{xe(s)},. g - We write s s for ¢ > t' if the first ' elements of s constitute s*’. When it does not cause confusion, we
use X; to denote a random variable that depends on st. Finally, we define a set of infinite histories S® such that s* e S®
satisfies 7 ¢(s') > 0 for all st e s>.

Shock s; affects government expenditures g(s;) and individuals’ productivities {0; (s¢)};. An agent of type i who supplies
I; units of labor produces y; =6;(s¢); units of output. Feasible allocations satisfy

1 I
Y onmicic+g =Y nbili. (2)
i1 i1

Agents trade riskless one-period zero coupon bonds with each other and the government. At date t, history st the price
is denoted by q¢(st). Let the cumulation of past prices at t, s be Q;(s') = [Th<r skest qx(s¥). We denote asset holdings of
agents and the government in period t by {b; ;}; and B, respectively. We use a convention that negative values denote
net indebtedness of the agent or of the government. Agents and the government begin with assets {bi__1}§:l and B_1,
respectively. Asset holdings satisfy market clearing conditions

1
> b, +B; =0 forall t > 1. (3)
i1

In each period, the government collects 7¢ (J/i,t) from agent i, where y, ; = 0;l;,. To be comparable to the literature, we
assume throughout most of this section that 7; is an affine function

TeVe) = =T + Teye. (4)

Affine tax functions approximate actual tax and transfer programs pretty well; see Fig. 1, adapted from
Heathcote et al. (2017). As will be indicated in our proofs, our results extend to more general non-linear income tax sched-
ules 7;(yr) and to even richer tax systems. We discuss these later.

With affine taxes, the government budget constraint is

I
g +qBi =1 Y nblic + B —Th. (5)

i=1
A government’s preferences over stochastic process for consumption and work are ordered by
1 %) )
Eq Zniwizlg[w (Cirs lie), (6)
i=1 t=0

where w; >0, Zle w; =1 is a set of Pareto weights.
A type i agent’s budget constraint at t>0 is

Cig +qrhir = (1 —w)0;clir + bir1 + Tr. (7)
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In competitive equilibrium, agent i maximizes utility (1) by choosing sequences (c;, I;, b;) that satisfy budget constraints
(7). Without restrictions on debt holdings, this problem is ill-posed because it allows agents to achieve infinite utility by
running Ponzi schemes. To rule out explosive debt paths, we restrict sequences b; to be bounded from below. Later we
consider more stringent constraints on private debt.

In the spirit of Lucas and Stokey (1983), we study government policies (z, T, B) that maximize welfare criterion (6) in a
competitive equilibrium, given an initial distribution of assets ({b;_ }i, B_y).

We want to answer two questions: (a) how does the level of the initial government debt B_; affect welfare in an optimal
equilibrium and (b) what determines properties of an optimal path of government debt B. The first question is about legacy
costs of past debt. The second question is about whether an optimal level of government debt exists and, if it does, how
quickly the government should converge to it.

That agents are heterogeneous affects our answers. In a representative agent economy, the answers to these questions
depend on whether lump-sum taxes are available (see Barro, 1974). If agents really are identical, there is little reason to
rule out lump sum taxes. Authors of representative agent models typically justify ruling out lump-sum taxes by explicitly
or implicitly alluding to unmodeled heterogeneity in the form of the presence of a subset of poor agents who cannot afford
to pay lump-sum taxes. We model the presence of such poor agents explicitly and are able to study an optimal tax policy
while allowing lump-sum taxes and transfers. Because our transfers T are anonymous, the budget constraints of the poorest
agents restrict the sign and magnitude of lump-sum taxes or transfers.

Answers to our two questions depend partly on borrowing constraints. We interpret such constraints as arising from the
inability or disinclination of a government to punish agents who default on their obligations. As a benchmark, we start with
the loosest borrowing limits: the so-called “natural borrowing limits” that allow agents to borrow any amounts that are
feasible for them to repay in all future states. We interpret these limits as indicating the presence of a government that is
willing and able to impose the harshest punishments on agents who default. We then discuss implications of stricter limits
on private borrowing.

3. Optimal debt under natural debt limits

We begin with definitions.

Definition 1. An allocation is a sequence {c;, I;};. An asset profile is a sequence ({b;};, B). A price process is a sequence q. A
tax policy is a sequence (7, T).

Definition 2. A competitive equilibrium with natural debt limits given initial assets ({bi‘—l } B,1) isa ({c;, I, b;};, B, q, T, T)
such that (i) (c;, I;, b;) maximize (1) subject to (7) and b; is bounded below for all i; (iis constraints (2), (3), and (5) are
satisfied.

Definition 3. An optimal competitive equilibrium with natural debt limits given initial asset ({b;_1},B_1) is a competitive
equilibrium with natural debt limits that maximizes (6).

A discussion of our terminology is useful. Aiyagari (1994) popularized the natural debt limit terminology. He consid-
ered an economy with finite after tax endowments and utility functions defined over non-negative consumption. When
the equilibrium interest rate % is strictly greater than one? Aiyagari required that an agent’s debt not exceed the present
value of his maximum after-tax income at a worst shock sequence.? Formally, the maximum income of agent i in state s’ is
Y;(s") = max { (1 — 7 (s'))0; (s°)Li, 0} + Te(s*) and the present value of his maximum income at a worst shock sequence is

a Qer(s)
D)=, ol B T ) Y

The natural debt limit requires that if agents i's consumption is bounded below and Q is a summable sequence, then agent
i’s assets are constrained by

bi:(s") > —D[(Y,-;sf) for all ¢, st. 9)

The following lemma indicates that our definition of competitive equilibrium extends Aiyagari’s notion of borrowing
constraints to situations in which his definition of a natural debt limit is ill-posed.

Lemma 1. Suppose that U' is defined only for c>0, Y; is bounded above and bounded below away from zero, and Q is a strictly
positive summable sequence. Then b; satisfies the natural debt limit if and only if b; is bounded below.

Proof. See online appendix 1 O

Our definition of an optimal competitive equilibrium allows the government to optimize over taxes and transfers (z, T).
Since competitive equilibria are well defined only over (7, T) systems under which all consumers can afford to pay (i.e.,

2 This condition can be relaxed to require that Q is a strictly positive and summable sequence, meaning that }", ; Q:(s*) exists.
3 When the gross interest rate is less than one so that the present value of income is infinite he imposed an explicit lower bound on debt.
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for which each consumer’s budget set is nonempty), this definition endogenously imposes restrictions on admissible tax
policies.
We start with an important result.

Lemma 2. Given ({b; _1};,B_1), let ({c;, I;, b;};, B, q, T, T) be a competitive equilibrium with natural debt limits. For any bounded
sequences {Bi}i and {Bi.,1},‘ that satisfy

bi.— by =bi—by forallt>-1ie[1,2,....1-1] (10)

there exist sequences (T.B) such that ({c,-,l,-,f),-},-,ﬁ, q.t.T) is a competitive equilibrium with natural debt limits given
({b; 1}, B_1).

Proof. For any bounded {I3,~},- let A = B,_t — by, for all t > —1. Define, for all t > —1,
TtZTt‘i’QtAt*A[—lv ét=Bt+At~ (11)

The sequence ({c;.l;,b;};,B.q. . T)Asatisﬁes (2), (3), and (5), so it remains only to show that (c;, I;, b;) is the optimal choice
given (q, T, T). Observe that (c;, I;, b;) satisfies budget constraint

G =1 —1)0iclis+bir1—qhie + Tt
= (1 =t)0iclic + (big—1 —bre-1) = qe(big — bre) + T + b1 — Gebyy

= (1 —1)0;clir + (Bi,t—l — Bl,t—l) —qe (Ei,t - Bl,t) +Ti 4+ bre_1 —qcbyy
= (1 —1)0;clis + Bi,t—l - QtEi,t + Tt

Suppose that (ci,li,Bi) is not an optimal choice for consumer i, in the sense that there exists some other sequence
(c/.I;, bf) that provides consumer i higher utility given (q, z,T). The sequence (c],I;, b} — A) satisfies (7) and (9) given (q,
7, T) and provides strictly higher utility than (c;, I;, b;). Therefore, (c;, I;, b;) cannot be a part of a competitive equilibrium
({c;, I, bi};, B, q, T, T), a contradiction. O

We answer the two questions posed in Section 2 with two propositions that follow from Lemma 2.

Proposition 1. For any pair B’ |, B”,, there are asset profiles {b; ,}; and {b/_,}; such that optimum equilibrium allocations
under natural debt limits starting from ({b; _,};,B";) are the same as those starting from ({b}_,};,B"). These asset profiles
satisfy

by —b;_y=b/_y—b_, foralli (12)

8

Proposition 1 asserts that it is not total government debt but how its ownership is distributed that affects equilibrium
allocations. To understand why, suppose that we increase an initial level of government debt from O to some arbitrary level
B’ ,. If transfers T were held fixed, the government would want to increase tax rates 7 to collect a present value of revenues
sufficient to repay B’ . Since dead-weight losses are convex in the tax rate, higher levels of debt would then impose dispro-
portionately larger distortions, which makes higher levels of debt particularly bad. But this conclusion changes if we allow
the government to adjust transfers. To find optimal transfers, we need to know how holdings of government debt B’ , are
distributed. Suppose that agents hold equal amounts of the additional debt B’ ;. In this case, each unit of debt repayment
achieves the same redistribution as one unit of transfers. Since the original level of transfers at zero government debt is
optimal, the best policy for the government with debt B , is to reduce transfers by exactly the amount of the increase in
per capita debt. As a result, both the distorting taxes T and allocations remain unchanged. This example illustrates ideas
expressed by Newcomb (1865, p.85) in the quotation with which we began this paper.

This logic is sensitive to the assumption that holdings of additional government debt are equal across agents. Sup-
pose instead that the government debt is owned disproportionately by high-earnings agents so that inequality is higher
in economies with higher government debt; the optimal fiscal response would typically call for an increase in both tax
rates T and transfers T. The conclusion would be the opposite if government debt were to be disproportionately owned by
low-earnings agents.*

Proposition 1 cautions against comparing debt burdens across countries based purely on aggregate quantities like debt to
GDP ratios. If governments want to redistribute from high-earning to low-earning agents, public debt that is held widely by
private agents or government agencies typically will be less distorting than public debt held by agents in the right tail of the
earning distribution or by foreign investors. Similarly, our result warns against lumping together explicit debt and implicit
debt (such as Social Security obligations) into one aggregate number without adjusting for heterogeneity across holdings of
the various types of debts.

Another implication of Lemma 2 is that a path of government debt in the optimal competitive equilibrium with natural
debt limits is indeterminate.

4 It is straightforward to extend our analysis to an open economy with foreign holdings of domestic debt. The more government debt is owned by the
foreigners, the higher are the distortions the government will need to impose.
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Proposition 2 (Ricardian equivalence). Suppose that an optimal equilibrium with a natural debt limit given ({bi‘_l}i,B,Q
exists. Then any bounded B is part of an optimal competitive equilibrium.

Lemma 2 and its implications in the form of Propositions 1 and 2 are true in more general environments too. For exam-
ple, we can allow agents to trade all conceivable Arrow securities and still show that equilibrium allocations depend only
on agents’ net asset positions. Our results also hold in economies with capital and with arbitrary non-linear income tax
schedules 7 (y;).

Results in this section suggest that the presence or absence of distorting taxes or incomplete markets is by itself insuffi-
cient to imply anything about the level public debt or its welfare costs. In contrast to representative agent models such as
Barro (1974, 1979), in our heterogeneous agent setting, both the slope t; and the intercept T; are distorting, but the path of
debt in the optimal allocation is indeterminate. The discussion also sheds light on the role of debt in Woodford (1990) and
Aiyagari et al. (2002) who allow for lump-sum taxes but feature incomplete markets. In those models, additional restrictions
in the form of borrowing limits and ad hoc costs of lump-sum taxes generate motives that ultimately pin down a path of
debt. We investigate the role of such assumptions in Section 4.

3.1. Numerical example

To illustrate that it is not total government debt but the distribution of debt across people that matters, we study how
the correlation between debt holdings and labor earnings affects an optimal tax rate and output.

Labor earnings and holdings of government debt are highly correlated in the U.S. We use data from the 2013 wave of
the Survey of Consumer Finance (SCF) with the sample restricted to married households. The SCF provides information on
households’ total labor earnings, as well as hours worked by primary and secondary earners. From these data, we con-
struct average household wages. To measure households’ holdings of government debt, we sum direct holdings plus indirect
holdings through government bond mutual funds (taxable and nontaxable), saving bonds, money market accounts, and com-
ponents of retirement accounts that are invested in government bonds. We use these variables to compute a least squares
regression

debt; = 8y + 8, wage; + €; (13)

and obtain 8, = 14.63 with s.e. of 2.15, §; = 0.93 with s.e. of 0.024, and an R? of 7.8%.5
To study how the correlation between debt and wages affects an optimal tax rate and output, we assume isoelastic
preferences

C] -0 l1+y
UG h) = — —w(Hy) (14)

and no uncertainty. We set set utility function parameters o, ¥, 8 equal to 1,2,0.96. We choose I = 20 with equal measures
of agents in each group and fix a time-invariant distribution {6;}; that replicates average wages per quintile for each of 20
wage quintiles in the 2013 SCF. We summarize the distribution of debt holdings {b;}; with an affine function b; _; = §¢ + §16;.

As a baseline, we set (8g, §1) equal to our estimated regression coefficients, (SO, 31). We evaluate welfare using Pareto
weights w; o 6;7%. We assume that government expenditures are time-invariant and pick (g, «, ¥) jointly to match a fed-
eral government expenditures to output ratio of 12%, the average federal labor tax rate of 24% estimated by Barro and
Redlick (2011), and a total debt to total labor earnings ratio of 0.92 that we infer from the 2013 SCF.

Given our assumptions, for any (8¢, §;) the optimal tax rate and output are constant for all t>1. It follows from
Proposition 1 that neither the optimal tax rate nor optimal output depends on the value of 8, because any change in
debt holdings due to changes in §g leaves net asset inequality unchanged. But net asset inequality is affected by changes in
81. Fig. 2 shows comparative statics of optimal tax rates and outputs as functions of §;. Higher values of §; correspond to
distributions of bond holdings that are more concentrated with productive agents. We see that an optimal plan responds to
a more top heavy distribution of bond holdings by raising the tax rate in order to redistribute towards poor agents. A higher
tax distortion makes output decline.

We can use these graphs to interpret effects from changes in government debt that are distributed proportionally to
initial benchmark debt holdings. Suppose that, relative to the benchmark economy, government debt is increased by A
percent and that this additional debt is distributed to households proportionally to their benchmark debt holdings. The new
distribution of debt is described by parameters (3¢, d1) = (8o(1+ 2),8,(1+ A)). Since 8¢ does not affect the tax rate or
output, the ratio 8;/8; captures the effect of a 8;/8;-fold increase in government debt distributed proportionally. In this
experiment, the level of debt seems to matter, but that is because we are simultaneously changing both the total amount
of debt and the net distribution of debt holdings. If government debt doubles and debt is distributed proportionally to the
holdings of debt in the data, Fig. 3 indicates that output drops by 2 percentage points and that the tax rate increases by 4
percentage points as we vary A < [-0.5,0.5].

5 We measure wages in units of thousand dollars per annual hours and average hours per year supplied by the household are measured using the 2013
SCF. Bond holdings are measured in thousand dollars.
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Fig. 2. Comparative statics for tax rate, t; and output y; normalized by its value in the baseline across values for §;, where §; changes the initial
distribution of debt following b; _; = 8¢ + 816;. The dashed line is the baseline calibration with §; = 0.93.
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Fig. 3. Comparative statics for tax rate, 7 aqd output y; nor[nalized by its vAalue in the baseline across values for A, where A changes the initial distri-
bution of debt following b; 1 = do(1+ A) + 61 (1 + A)6; and §y = 14.63 and §; = 0.93. The dashed line recovers the baseline calibration for A = 0.

4. Imperfect debt enforcement and ad hoc borrowing constraints

The analysis of the previous section closely follows the Ramsey tradition of answering normative questions. At the outset
we specify sequences of instruments available to the government (7, T, and B in our case) and assume that the government
commits to those sequences in period —1. Optimizing over a set of competitive equilibria associated with those sequences
implicitly assumes that the government has the ability to pick the equilibrium with the highest welfare from that set.
That is, the government has a technology that allows it perfectly to implement an equilibrium allocation associated with its
policies.

To elaborate the implementation issue, consider a situation in which agents make choices that render some budget
constraints violated, for example, by some agents not working enough to be able to meet their tax liabilities. An implicit
enforcement technology assumption would require the government to impose punishments sufficiently harsh to prevent
agents from making such choices “off-equilibrium”. If consumption is bounded by 0 and lim._,oUi(c,I) = —oo for all i, I, it
is sufficient to specify that the government commits to seizing all of an agent’s labor and asset income in a period in which
he cannot pay its prescribed taxes. But if the utility function is bounded from below, additional non-pecuniary punishments
may be needed to implement an allocation.

The same assumption of perfect enforcement would extend to repayment of private debts — agents never fail to repay
their debts in equilibrium presumably because the punishments for not doing so are sufficiently severe. Thus, the equilib-
rium definition in Section 3 indirectly requires not only that the government has the ability to enforce payments, but also
that it uses its ability to enforce both tax and debt payments.

In this section, we stay within the boundaries of a conventional Ramsey analysis but focus on whether it is desirable
for the government to enforce both tax and debt obligations and whether it can improve welfare by committing to enforce
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some type of payments and not others. We represent the government’s enforcement choice in a simple form by assuming
that agents can borrow up to an ad hoc debt limit

bie>-b (15)

for some exogenously given b > 0. We interpret these constraints as arising from imperfect government debt enforcement:
the government imposes an arbitrary high punishment on agents if they default on any debt less than b and no punish-
ment for any default on debt over b; the case b =0 is interpreted as the government’s refusing to enforce any private debt
contracts. The natural debt limit considered in the previous section is a limit that arises when agents are punished for any
debt default.’ Note that we maintain the assumption that the government enforces tax liabilities perfectly: thus, we study
whether it is optimal to enforce taxes and debt contracts differentially.”

Definition 4. A competitive equilibrium with an ad hoc debt limit given initial assets ({bi,—l }l., B,l) isa ({c;, I;, b;};, B, q, T, T)
such that (i) (¢;, I;, b;) maximize (1) subject to (7) and (15) for all i; and (ii) constraints (2), (3), and (5) are satisfied.

To understand what determines the path of debt, we first show that, in general, it is optimal for the government not to
enforce private contracts. Restricting private borrowing allows the government more flexibility in managing its debt service
costs. Indeed, an optimal path of debt is pinned down by these considerations. This outcome contrasts with to alternative
accounts that emphasize that a government should issue debt to increase liquidity because there is a lack of other means of
savings. We begin with our main proposition for this section.?

Proposition 3. If there are tax policies that support an allocation (c, I) as a competitive equilibrium allocation with a natural
debt limit, then there are tax policies that support (c, 1) as a competitive equilibrium allocation with an ad hoc debt limit for any
b. If (c, I) can be supported as a competitive equilibrium allocation with an ad hoc debt limit b/, it can also be supported as a
competitive equilibrium allocation with ad hoc debt limit b” for any b”.

Proof. Let {c;, I;, b;}; be a competitive equilibrium allocation and debt with a natural debt limit. Let A; = max; {Q - b,'vt}.
Define B,-vt =b;; + A for all t. By Lemma 2, {ci, I, Bi}i is also a competitive equilibrium allocation with natural debt limits.

Moreover, by construction BM —b=b;; + Ar — b > 0. Therefore, ﬁi satisfies (15). Since agents’ budget sets are smaller in the
economy with ad hoc debt limits and since {ci,li,iv,-}i lies in this smaller budget set, then c,-,l,-,i)i}i is also an optimal
choice for agents in the economy with exogenous borrowing constraints b. Since all market clearing conditions are satisfied,
{ci, I, i’i}i is a competitive equilibrium allocation and asset profile.

To prove the second assertion, let ({c;, I;, b;};, B, q, T, T) be a competitive equilibrium with debt limit b’. Define A; =
b' —b" and construct (T, B) as in (11), b;; = b; + A for all i, t. Then by using arguments from Lemma 2 we can show that

({¢;. 1;,b;};. B, q, 7, T) is a competitive equilibrium with debt limit b”’. O

A remarkable implication of Proposition 3 is not only that the government finds it optimal to treat transfers and debt
differently, but that the weakest possible enforcement of private debt contracts is optimal. Without loss of generality, we
can assume that agents cannot borrow.

Corollary 1. Welfare in an optimum equilibrium with ad hoc debt limits is higher than welfare in the optimum equilibrium with
natural debt limits. This is true for any debt limit b.

A crucial difference between outcomes with the ad hoc debt limits studied in this section and natural debt limits in the
previous section is how they depend on the tax policy. While the lower bound on debt is endogenous and depends on the
government tax-transfer policy Section 3 discussion of natural debt limits, it is exogenous with the ad hoc debt limits of
this section. The presence of a policy invariant debt limit here implies that changing the timing of transfers can change the
set of agents who are up against their borrowing limits. This power lets the government increase welfare.

The critical feature being exploited here is an asymmetric enforcement of taxes and private debt. If the government
allowed agents to use prospective transfers as collateral for private borrowing, then by postponing transfers the government
would relax agents’ borrowing constraints and undo its ability to increase welfare by pushing some people against their
borrowing constraints. Asymmetry between enforcement of debt obligations and tax obligations seems to be common in
practice. For example, in the U.S. it is illegal to use future social security payments as collateral and it is typically easier to
discharge unsecured debt than tax liabilities through bankruptcy.

6 We believe that another fruitful way to study the role of debt is to drop the full commitment assumption and explicitly specify strategies for all
histories for agents and the government as was done by Bassetto (2002) in a closely related context of monetary economics and the fiscal theory of price
level. See also Bassetto (2005).

7 Bryant and Wallace (1984) describe how a government can use borrowing constraints as part of a welfare-improving policy to finance exogenous
government expenditures. Sargent and Smith (1987) describe Modigliani-Miller theorems for government finance in a collection of economies in which
borrowing constraints on classes of agents produce the rate of return discrepancies that Bryant and Wallace manipulate.

8 Qur proposition builds on Yared (2012); 2013), who showed that a planner may find it optimal not to undo agents’ borrowing constraints even when
doing so is feasible.
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Others have also studied Ramsey policies in economies with ad hoc constraints (15) and pointed out that Ricardian
equivalence fails and consequently that the optimal debt is determined.’ Thus, in the context of the results of Section 3, our
Proposition 2 would generally not hold when agents are subject to the ad hoc constraint (15). In the following example we
investigate the sources of welfare gains that come from limiting agents’ opportunities to borrow.

Example 1. Suppose that there are two types of agents with equal mass. Agent 1 cannot work and orders preferences by
¢y, Agent 2 orders preferences by u(cy; — ﬁl;jy) with y > 0. Agent2/s productivity satisfies 6, =1 if t is even and
6, =0 if t is odd. There are no government expenditures. The government puts Pareto weight 1 on agent 1's utility. All

agents start with no initial assets.

Consider first the optimum equilibrium when debt enforcement is perfect and agents face a natural debt limit. In this
case, agentl/s preferences imply that the equilibrium sets q; = 8 for all t. The government’s objective function makes it
want to maximize the present value of tax revenues, evaluated at the price system implied by g = 8 for all t. Given agent
2’s preferences, the optimal tax rate is 7, = T for all t, where T is the top of the Laffer curve tax rate, namely, T = £

T+y
which implies a labor supply [ = (- . These findings imply that welfare with natural debt limits is =5
hich impli lab ly [ (dy)”y hese find ly th If: h 1 debt 1 Bt %pzfﬂ

where Z = y(ﬁ)“l/y. By Lemma 2, the timing of transfers is indeterminate. For example, the welfare optimum can be
attained by setting by ; = 0 for all ¢ and (B, T) that jointly solve the following equations for all ¢

Tyer1 =By, Tor+PBByx=2Z By =0 (16)

and
_.7 1 -
u/((l — T)l + zﬁth — m/ll+y> = u/(T2t+‘l — 232{). (17)

Agent 2’s budget constraint and (2) imply that By <O for all t. Thus, the government issues debt in even periods. The
government repays this debt in odd periods by levying (negative) lump sum transfers. Agent 2 holds government debt to
smooth marginal utility intertemporally. We denote an optimum equilibrium with natural debt limits and these transfer and
debt sequence as ({c®, I}, '} B"", q"", £, T""").

Now consider the economy in which private debt constraints are not enforced, so that agents’ debts must satisfy

bi; > 0 for all i, t. (18)

Observe that ({c?“f,l?“t,b?a[}i,B”at,q”“t, T T™) still satisfies agents’ budget constraints under debt limits (18), so it is
also an equilibrium in the economy without private borrowing. But now we can construct an equilibrium with higher wel-
fare.

Thus, it is possible to show that ({c;, I;, b;};, B, q, T, T) is part of an equilibrium with ad hoc limits (18) if and only
if budget constraints (7) holds for both agents (with 6; =0 for all t), feasibility (2), market clearing (3), and borrowing
constraints (18) are satisfied, and the following equations also hold:

B, =1 —1)0 (19a)
geu’( cae — o) Bu'( 21 — o), (19b)
, 1+)/ 2t = » 1+V 2,t+1
qet’' | 20 — Lluy —pu'| cae1 — Llwy by =0, (19¢)
s 1+)/ 2.t s 1+J/ 2,t+1 >
q = B, (19d)
[gr — B]b1c = 0. (19e)

Eq. (19a) is the optimality condition for labor of agent 2; Eqs. (19b)-(19e) are optimality conditions for savings that hold
with inequality only if the agent’s assets are zero, and with equality otherwise.

A key observation about these conditions is that there exist equilibrium g; that are higher than the discount factor 8
when the assets chosen by agent 1 are zero. We show in the online appendix 2 that for any o> we can construct an

9 For instance, see Woodford (1990), Aiyagari and McGrattan (1998), and Azzimonti et al. (2014). Some commentators observed that these breakdowns
of Ricardian equivalence implicitly require that it is easier to extract a dollar from an agent in taxes than in debt service. Our analysis indicates that it is
an optimal choice for the government to choose arrangements that produce that outcome even if the same technology is available for enforcing both types
of payments.
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equilibrium in which 7 =7 and by =0 for all t and an (inverse of) gross interest rate sequence q(0) = (0, .0.8,...).
This equilibrium is supported by transfer and debt sequences (T(o), B(e)) that satisfies

Ty+1(0) = Ba(0).  To(@) +0Bx(0) =Z. Bai1(0) =0, (20)
which generalizes (16). Differentiate to obtain
d
% Y BT ==Y BB >0 (21)
t Q=/j t

As welfare is simply X.8!T¢(), it follows that, for o close to B, lowering equilibrium interest rates (increasing o) improves
welfare. Since o = B corresponds to welfare in the optimum equilibrium with natural debt limits, this also proves that
welfare with ad hoc limits is strictly higher.

Example 1 illustrates what determines an optimal quantity of debt. If the government issues debt in equilibrium, it is
generally better off if interest payments on that debt are lower. In the economy with natural debt limits, equilibrium interest
rates are determined implicitly by a competition between the government and agent 1 to supply savings (“liquidity”) to
agent 2. Even though in that equilibrium agent 1 does not supply liquidity, he would, by issuing private risk-less debt
whenever the interest rate drops below the inverse of his rate of time preference, namely, 8~1. When private debt contracts
are unenforceable, agent 1 cannot issue riskless debt, so the government becomes a monopoly supplier of liquidity to agent
2. The government can use its monopoly power to extract additional surplus from agent 2 by issuing debt at a lower interest
rate.'0

Results of Woodford (1990) and Aiyagari and McGrattan (1998) are often interpreted as justifying a beneficial role for
government debt by its increasing the supply of savings instruments. Our analysis instead suggests that the government
should decrease the aggregate supply of liquidity by limiting the enforcement of private debt contracts and using market
power thereby acquired to extract monopoly rents from providing liquidity.

While an optimal continuation level of government debt is determined in the equilibria we have been analyzing, the
initial level of government debt is irrelevant for welfare in the same sense as in Proposition 1.

Proposition 4. Proposition 1 holds in an economy with ad hoc debt limits. If B’ is the optimal path of debt given ({b;_]},-, B ).

then B’ is also the optimal path of debt given ({b{_,};,B" ) if b; , —b{_, is independent of i.

Proof. Suppose (7’, T') are the optimal taxes in the economy with initial assets ({b; ,};,B’ ). Define a sequence T" by
Ty =Ty +bj_y —b/_ and T =T/ for all t> 0. Following the same steps as in the proof of Lemma 2 we can verify that (7’,
T’) are optimal taxes in the economy with initial assets ({b{_,};,B”;). O

To understand why the initial level of government debt is welfare-irrelevant, note that the welfare gains in Example 1 are
obtained from the government’s ability to influence prices of future debt. The value of legacy debt with which the govern-
ment enters period 0 was set in the past and is not affected by future policies. Thus, the initial debt level plays a role
no different from that in Section 3. Note that Proposition 4 shows not only that welfare but also that the optimal debt
path is independent of the level of initial government debt B_q, though they generally do depend on how initial assets are
distributed across agents. Thus, transitions to an optimal debt level take exactly one period, independently of the initial
debt.

As a final remark, Lemma 2 and Proposition 1 - 4 continue to hold when we allow for idiosyncratic income risk. More
details for economies with idiosyncratic risk are provided in the online appendix 3.

5. Informationally-constrained optimal taxes

The analysis of previous sections follows the Ramsey tradition by a priori restricting the tax-transfer system to take a
particular form, in our case the affine tax system (4). An alternative approach is to put explicit constraints on the govern-
ment’s information and then to derive optimal government policies that respect them. This approach originated in the work
of Mirrlees (1971) and was introduced to macro by Golosov et al. (2003) and Werning (2007). In this section, we investigate
the role of debt and taxes when government actions are restricted only by such informational frictions.

An informationally-constrained optimum is a sequence {c;, 1;}; that maximizes (6) subject to feasibility (2) and constraints
that specify the government’s information about agents. Informationally-constrained taxes are tax functions that use observ-
able variables as their arguments; optimal informationally-constrained taxes implement an informationally-constrained opti-
mum as a competitive equilibrium.

Since Mirrlees (1971), a standard assumption is that the government does not observe an individual’s labor supply I;;
or productivity 0;, but that it does observe labor earnings y;;. We maintain this assumption throughout this section. The

10 This example illustrates a more general principle. In an economy with a natural debt limit, observe that the resource flow between agents 1 and 2
is determinate, but that the level of borrowing is not - in order to let agent 2 smooth consumption, either agent 1 or the government can borrow from
agent 2. Lower interest rates in a period t benefit the agent who experiences the net resource inflow in that period, whether he borrows himself or
receives this inflow through transfers. Lowering interest rates is desirable when the government favors such agents. Bassetto (2014), Niepelt (2004), and
Yared (2012) apply this principle in other contexts.
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role of public and private debt depends critically on whether the government observes individuals’ assets and consump-
tions. If agents’ assets are observable, public or private debt plays no interesting role: any sequence (B, {b;};) that satisfies
feasibility (3) can be supported in an optimal competitive equilibrium for the following simple reason. Let {c?b, l;”’}i be an
informationally-contained optimum with observable assets and let y"b be defined by y"b =6; tll‘”[’ The government can im-
plement {c?b,l;’b}, by offering a menu of I tax schedules of the form {7;(yt,b;—1,b_1,1)}; and letting agents permanently
self-select into one of them in period t = —1.!

The problem becomes more interesting when agents’ assets are unobservable. Assume that interactions in asset markets
are anonymous and that agents and the government can issue and buy debt, but that it is impossible for the government to
ascertain an individual agent’s asset holdings. This assumption also requires that individual consumption is not observable.

The informationally-constrained optimum can be characterized by invoking the Revelation principle and setting up a
mechanism design problem.'> We now define an informationally-constrained optimal allocation with unobservable assets
associated with a mechanism design problem that determines labor income {y;}; and payments {x;}; as well as a debt
sequence B. A reporting strategy is a function r: - I. A mechanism {x;, y;}; and B is feasible if there exists an allocation {c;,
1;};, asset choices {b;};, a reporting strategy r and bond prices q such that each agent i chooses {c;, 1;};, b;, r(i) to maximize
(1) subject to the budget constraint

Cit + qebir = Xr(iy ¢ + i1, (22)

with b;, satisfying either natural or ad hoc debt limits. Prices q are such that debt market clearing (3) and feasibility
Z niCiy = Z Y1)t (23)
i i

are satisfied. A feasible mechanism {x;, y;}; and B is incentive compatible if the associated reporting strategy r(i) = i. An in-
formationally constrained optimum is an incentive compatible mechanism {x;, y;}; and B such that the associated allocation
{c;, 1;}; maximizes (6).

The ability of agents to trade assets anonymously lowers welfare, which implies that the government would find it opti-
mal to minimize enforcement of private debt contracts. Given that, we first analyze this economy when private borrowing is
subject to the ad hoc limit (15). Then we discuss how our conclusions would change if debt enforcement on private markets
were perfect.

Consider any incentive compatible mechanism {x;, y;}; and B and let {b;, c;}; be the associated optimal asset and con-
sumption choices and let q be bond prices. A necessary condition for incentive compatibility is

]Z,B U1<Cl[ i, ) >E_; Ui<Cj_0+bi‘] —b]‘_,], ng) —I—Zﬂfui((:]t’ )é];) N (24)
i, t—1 i,

for all pairs i, j. The left side is the utility of agent i when he receives allocation {x;, y;}. This should be at least as high
as utility from claiming a bundle (;, y;) and choosing asset profile b; on the anonymous market at the same prices q. The
payoff from that choice is the right side of constraint (24). In principle, agent i can further increase his utility from bundle
(xj, y;) if he chooses some other asset profile b’; but as we show below, if trading is subject to ad hoc debt limits, an
optimally chosen debt sequence B prevents such retrading.
Let {cadhoc_yadhoc}, he a maximizer of the objective function (6) subject to feasibility (3) and incentive constraint (24). Let
= b for all t and choose any q that satisfies

Etul <Cadhoc i >

Jt+17 G

qc = T adheN
Ul Cadhoc y}f
’ Hlt

EOU‘ (Cadhoc y] 1 )

for t >0, all i, j,

’ 911

G0 > B for all i, j. (25)

) dh yadhac
Ul (g + by 1 = by, )
Choose sequence {x%°c}; such that

adhoc —qib b= Xadhoc + bl 6 (26)

where bi,t = —b for t>0 and bi,t =b; ;1 fort=0.
For an agent of i type who claims sequence x;?dh"c and faces debt prices q, it is optimal to borrow up to the maxi-

mum debt limit b and therefore obtain the after-tax consumption allocation c%’wc +bj_1—bj_; and {c;":”"’c }t=0. Constraint

1 It is easy to implement an optimal allocation with smooth tax functions. See, for example, Kocherlakota (2005), Werning (2009), and Grochulski and
Kocherlakota (2010). The conclusion that neither public nor private assets are pinned down continues to hold in those implementations.
12 See Golosov and Tsyvinski (2007) for details.



50 A. Bhandari et al./Journal of Monetary Economics 91 (2017) 39-51

(24) ensures that the optimal report is r(i) = i for all i, verifying that {cfdhoc, yadhoc}; is indeed an informationally-constrained
optimum. This optimum can be implemented by a sequence of tax functions of the form {7;(y:. )}; .

Observe that government debt B plays the same role here as it did in Section 4. When agents face ad hoc borrowing
constraints the government can affect interest rates by choosing the level of its debt. As in Section 4, the government
exploits monopoly power on asset markets and lowers interest rates. The size of the borrowing constraint b is irrelevant for
welfare because the government covers its interest expenses by adjusting the stream of transfers to agents without affecting
final allocations.

Like our discussion in Section 4, it is crucial for this result that private debt contracts are enforced imperfectly. If agents
can trade on anonymous markets subject only to a natural debt limit, the government loses its ability to influence interest
rates through B, so the Ricardian equivalence result of Proposition 2 reemerges. Since Eq. (25) would hold with equality in
an equilibrium with natural debt limits, welfare would be lower.

The role of the initial debt level and initial asset inequality also mirrors that described in Propositions 1 and 4. The
absolute level of government debt B_; per se does not affect welfare in the constrained optimum, but asset inequality does,
as can be seen from the right side of (24).

We summarize our analysis in the following proposition.

Proposition 5. The initial level of debt B_; does not affect welfare with optimal informationally-constrained taxes, but the level
of initial asset inequality b; | —b; _; generally does. Necessary conditions for the optimal path of government debt B to be
determinate are anonymous asset trades and ad hoc borrowing constraints. Welfare is higher in the economy with ad hoc debt
limits than in the economy with natural debt limits.

It is straightforward to generalize these results to economies with idiosyncratic shocks, richer asset markets, and capi-
tal.®

6. Concluding remarks

A principal message of this paper is that without exogenous restrictions on transfers, the level of government debt
doesn’t matter. What matters is how ownership of government debt is distributed. Depending on society’s attitudes to-
ward unequal distributions of consumption and work, the cross-section distribution of government debt across assets can
matter very much. This means that in order to interpret empirical correlations between output growth rates and ratios of
government debt to GDP as in Reinhart and Rogoff (2010), we would want to know much more about how the distributions
of net assets across people have varied across countries and how they have interacted with risks to interest rates and to
the underlying sources of unequal productivities across people. An optimal path of government debt is determined when
agents’ abilities to borrow are restricted because that allows prospective public debt issues to affect interest rates.

We restricted our analysis to economies in which the government commits to future policies. A promising topic for
research is the role of debt when a government cannot commit. As our discussion in Section 4 suggests, imperfect commit-
ment can impose additional restrictions on transfers and debt that are feasible in equilibrium. We leave this extension to
future work.

Supplementary material

Supplementary material associated with this article can be found, in the online version, at 10.1016/j.jmoneco.2017.09.007.
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